Introduction
Since Fujishima and Honda reported photocatalytic water splitting using titanium dioxide (TiO2) in 1972 [1] , TiO2 has been extensively developed in several application fields, including photocatalytic degradation of organic contaminants [2] , hydrogen production by water splitting [3] and dye-sensitized solar cells [4] . Among various nanostructure forms, TiO2 nanotube arrays (NTAs) have garnered considerable attention due to its large specific surface area and efficiently oriented charge transfer route [5] . Therefore, TiO2 NTAs can provide a large surface area for efficient electrocatalyst loading and boost the electrocatalytic activity. Moreover, TiO2 NTAs offer a large amount of active sites and if an efficient heterojunction can be formed with other semiconductors, the nanocomposites could have a high potential for photoelectric properties. Therefore, a facile strategy is urgently required to design an efficient heterojunction with TiO2 NTAs on the photoelectric properties and electrocatalytic for hydrogen evolution.
In recent years, molybdenum sulfide (MoS2), as a kind of the layered transition metal dichalcogenide, has been widely investigated [6, 7] . Recent studies verify that MoS2 is an excellent electrocatalyst for the hydrogen evolution reaction owing to its edge defects [8] . To be highly effective, ultra-thin MoS2 nanosheets are necessary to fully expose their edge defects and achieve maximum quantum confinement effects.
Thus, constructing MoS2 nanodots are a promising strategy to enhance the efficiency of hydrogen evolution reaction (HER). Previous reports of MoS2 QDs include sonication and hydrothermal treatment [9] , liquid exfoliation [10] and ball milling 3 with chemical Li-intercalation [11] , however, these synthetic approaches are sensitive to the conditions and are limited by time consumption, harsh environments and toxic organic solvents. Usually, MoS2 nanodots are supported on Au foil, Pt piece and other conductive substrates to carry out the hydrogen evolution reaction [12] . Nevertheless, the huge cost and complex preparation hinder practical applications for the future. In these contexts, it is necessary to develop a facile technique to obtain MoS2 quantum dots loaded on promising substrates such as TiO2, carbon materials, and so on.
Herein, we propose a convenient electrochemical exfoliation and electrophoretic deposition (EFED) strategy to rationally design MoS2@TiO2 NTAs heterojunction.
With the synergistic advantages, the boosting of the interfacial heterojunction interaction between the TiO2 NTAs and the decorated MoS2 quantum dots displays a substantial increase in photoelectric property and electrocatalytic hydrogen evolution.
Materials and methods
Vertical-aligned TiO2 NTAs were prepared by a convenient two-step anodization strategy [13] . The highly crystalline MoS2 quantum dots were prepared via an electrochemical exfoliation method [14] . In the current work, 0. Hz. The J-V curves were obtained by a scan rate of 10.0 mV s -1 .
The electrocatalytic activity for hydrogen evolution of MoS2@TiO2 NTAs was 
Results and discussion
The single TiO2 NTAs decorated by uniformed MoS2 QDs is displayed in Figure   1a . MoS2 quantum dots were anchored on the inner and outer tubes of TiO2 NTAs with the size of 2.0~3.0 nm and the average diameter was 2.7 nm The HRTEM and SAED is depicted in Figure 1b 
planes of MoS2 were detected in the bulk sample, however, after exfoliation into quantum dots, only a weak peak at 32.0° was present in the MoS2@TiO2 sample, implying that the MoS2 QDs contain only few layers. Figure 2b shows the Raman 
Conclusions
In summary, we have developed a strategy to construct the hierarchical MoS2@TiO2 NTAs by using a method combining electrochemical exfoliation with electrophoretic deposition. The MoS2@TiO2 NTAs not only display a highly photoelectric ability, but also possess an outstanding property of electrocatalytic for hydrogen evolution with a low onset potential of 76 mV dec -1 . This outstanding performance of MoS2@TiO2 NTAs can be attributed to the boosting interfacial 
